The concentration of potassium in the serum of a patient who has developed severe renal insufficiency may be normal, increased, or diminished, and nq, satisfactory explanation for these widely varied concentrations has been advanced. Naturally the finding of an increased content of potassium in the serum of a nephritic patient suggests caution in the administration of potassium salts. On the other hand there are certain undernourished patients who have nephritis and are suffering from lack of potassium and therefore require an increased intake. It is also recognized that many patients who have renal edema can tolerate a considerable daily dose of potassium salts over a period of months without evidences of toxic effects. It is therefore obvious that there are other factors, in addition to renal retention, which play a role in the distribution of the potassium ion in uremic patients.
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Observations of potassium tolerance, both in normal. subjects and in patients who had adrenal insufficiency, have been made by Zwemer and Truszkowski (1), Wilder and his co-workers (2) , and Jaffe and Byron (3) . The effects of a small and of a considerable dose of potassium salts were studied by Greene, Levine and Johnston (4) , and by Winkler and his associates (5) in renal disease and by Thomson (6) and Sharpey-Schafer (7) in cardiac disease. The doses employed by Winkler and Sharpey-Schafer were frequently large and sometimes proved impractical and even dangerous. We therefore gave normal subjects and patients who had renal disease a uniform and smaller dose of 5.0 grams of potassium bicarbonate by mouth and were gratified to find that this amount could usually be tolerated and also revealed information as to the individual's tolerance. Our procedures and results in normal subjects have already been reported (8) . The present communication deals with the results of the same procedures carried out in 10 patients who had definite renal. insufficiency.
Distinct alterations in potassium tolerance were observed in all of the 10 patients and form the basis of this paper.
SELECTION OF PATIENTS
The chief consideration in the selection of our patients was demonstrable renal insufficiency. Eight of the 10 patients were deliberately chosen because the degree of renal incompetence was marked and we desired particularly to learn the tolerance for potassium of patients who had a minimal amount of functioning renal tissue. The degree of renal insufficiency of these 8 patients was indicated by the increase in the concentrations of urea and creatinine in the blood from 147 to 340 mgm. and from 5.6 to 19.2 mgm. per 100 ml., respectively. The diagnosis in 6 patients was chronic glomerulonephritis; in the 4 remaining, respectively, it was subacute glomerulonephritis, chronic pyelonephritis, bilateral congenital hydronephrosis, and multiple myeloma with chronic diffuse nephritis. Death occurred in 9 of our patients in 2 weeks to 8 months after the test was done. One patient, J. W., with the least degree of renal incompetence, was alive and active when this paper was written, 4Mj years after the test (Table I) .
PROCEDURES
The procedures carried out in the 10 patients started with the early-morning oral administration of 5.0 grams of potassium bicarbonate, which contains approximately 2.0 grams of potassium; during the next 3 hours, a study was made of its effect on the concentration of potassium and urea in the blood, and on serial electrocardiograms. The actual amount of potassium ingested by the 10 patients varied from 24 to 35 mgm. per kgm. of body weight. Breakfast was omitted and the patients remained in bed during the period of observation. Control samples of blood were withdrawn from a vein of the arm, and control electrocardiographic tracings were taken before the salt, dissolved in 300 ml. of water, was ingested. Subsequently, similar analyses of blood were made and electrocardiograms were taken at approximately 90 and 180 minutes. These were the procedures in 4 cases. In 1 of these, after the patient, H. S., had eaten his lunch, the blood studies and electrocardiograms were subsequently carried out at 8 hours (Tables I to III) .
In 6 cases, in addition to the procedure described in the preceding paragraph, studies were made of the clearances of urea and potassium from the blood by the kidneys. give information as to the amount of renal tissue which was still functioning. The entire study in 4 cases was similar to that performed on normal controls and previously reported.
CLINICAL STUDIES
Vomiting occurred in only a single case 148 minutes after the. patient, H. S., had ingested the salt. In this instance the vomitus was recovered; it contained only 0.2 gram of potassium. Three patients experienced mild epi-gastric discomfort or mild nausea soon after drinking the solution.
In previous studies, when large amounts of potassium salts were ingested by normal subjects, we (9) , as well as a previous investigator ( 10), had noted that in certain cases paresthesias developed in the hands and feet while in other cases they did not develop. These paresthesias occurred when the concentration of potassium in the serum approximated 30 mgm. per 100 ml. It is interesting that in the present study, with a relatively small dose of 5.0 grams of potassium bicarbonate, paresthesias of the extremities developed in 4 patients, P. K., M. B., H. C. and H. S., when the content of potassium in the serum ranged from 31.1 to 35.8 mgm. per 100 ml. These findings suggested that the presence of paresthesias in the 4 patients was indicative of a decreased tolerance for potassium.
Support for this viewpoint was the fact that paresthesias did not develop, nor did the serum potassium increase above 21.2 mgm. per 100 ml. in normal subjects who were given the same dose. In the remaining 6 cases paresthesias did not develop in the extremities; in 2, the maximal serum potassium varied from 19.9 to 27.1 mgm. per 100 ml. and in 4, it varied from 29.3 to 37.1 mgm. per 100 ml. Therefore, this symptom may not develop even when there is a decided increase of the concentration of serum potassium. Patient H. S. (Table II) , the only patient to vomit during one of these experiments, was nervous throughout and was suffering from very severe uremia. The slow rise of the concentration of potassium in the serum and the later appearance of changes in the electrocardiogram lead one to surmise that absorption of potassium was at a considerably slower rate in that patient than in the remaining 9.
STUDIES OF THE BLOOD
We anticipated that the ingestion of 5.0 grams of potassium bicarbonate by our patients would produce changes in the concentration of potassium in the blood serum which would be different from those observed in normal subjects 1 ( Figure 1 ) (8).
In 9 of 10 patients the concentration of potassium in the serum, estimated before the salt was given, was abnormally increased to a range from 21.9 to cm. sua~r mtn-ml. ml. grams grams grams grams grams mgm. mgm. ml. 28.4 mgm. per 100 ml. (Figure 2 ). One and a half hours after the ingestion of the potassium bicarbonate the content of potassium in the serum of the 9 patients increased to a range from 23.1 to 37.1 mgm. per 100 ml. (Figure 2 (Figures 1 and 2) .
The findings, however, in patient W. L. were distinctly different from those in the 9 other patients. In fact, the alterations in the concentration of potassium in the serum (Figure 2) could not be distinguished from that obtained in a normal subject (Figure 1 ) after the ingestion of 5.0 grams of potassium bicarbonate. This response in a patient with such a severe degree of renal damage, the latter indicated by a blood urea clearance of 6 (Table II) . The clearances of potassium, ranging from 5 to 16 ml., however, were similar to those observed in normal 2In Benedict's study (11) , the starving subject on the first day of a prolonged fast excreted 1.63 grams of potassium in the urine. subjects and in some patients who had renal insufficiency, when both subjects and patients were fasting and ingesting water only. It is clear, however, that the clearances of potassium, ranging from 5 to 16 ml., for our patients were distinctly less than those obtained, ranging from 29 to 67 ml., for normal subjects who had taken 5.0 grams of potassium bicarbonate. These facts indicate that in our patients there was a diminished and slower response of the kidneys to the stimulus of the potassium salt than in the normal subject. The kidneys of these patients were capable only of eliminating a dilute urine but were enabled by continuous excretion of potassium during the entire 24 778 POTASSIUM TOLERANCE IN SEVERE RENAL INSUFFICIENCY hours to prevent its excessive retention in the blood.
The variability of the increases in the concentration of potassium in the serum of 6 patients contrasted markedly with the uniformity of the diminution of urinary excretion and clearances of potassium. The serum concentration, 1½ hours after ingesting the salt, varied from 19.9 to 36.5 mgm. or an increase of 5 to 92 per cent from a normal mean concentration of 19.0 mgm. in 100 ml. The mean reduction in the renal excretion of potassium in the 6 patients compared to that in normal subjects amounted to 1.09 grams or 32 per cent.
The decreased excretion and clearance of potassium in patient W. L. is unusually interesting, for, as stated in a previous section, the curve of the concentration of potassium in the blood serum ( Figure 2 ) was identical with that observed in normal subjects ( Figure 1 ) and one would therefore infer that this patient had a normal tolerance for potassium. However, the greatly reduced renal excretion of potassium (Table II) signified a decreased tolerance for potassium on the part of a single organ, the kidney. The results in patient W. L. also emphasized the important fact that there must be several organs that play a role in the internal regulation of potassium.
STUDIES OF THE ELECTROCARDIOGRAM 8
There were 2 chief reasons for including serial electrocardiographic observations in the study of our 10 patients. The first was to ascertain whether 5.0 grams of potassium bicarbonate, when given to these patients, would cause alterations in the electrocardiogram similar to those observed in normal subjects. The second reason was to determine whether this relatively moderate dose of potassium bicarbonate would lead in patients to an excessive increase in the concentration of potassium in the serum and thus produce toxic effects on the heart. In each of the 10 patients serial electrocardiograms revealed some alterations in the T waves of the electrocardiogram (Table  III) . The alterations were often, though not invariably similar to those observed in normal subjects. Thus 5 normal subjects and 10 patients on whom this test was performed have revealed 3 The authors are indebted to Dr. H. B. Burchell for this detailed interpretation of the electrocardiograms. changes in the electrocardiogram which we think are due to a rapid increase of potassium in the myocardium. As was to be expected, changes observed in the patients were more varied than in the normal subjects; as a rule they persisted for a longer period and were sometimes observed for 8 hours after the taking of the salt. The changes due to potassium were sometimes more difficult to evaluate in patients than in the normal subject because a number of the control electrocardiograms of the patients were abnormal. For example, several patients had previously had severe hypertension and a tracing characteristic of left ventricular strain (Table III) . Figures 3A and B show serial electrocardiograms with characteristic and varied alterations in 2 of our patients (J. R. W. and M. S.).
The electrocardiographic findings for patient H. S. (Table III) confirmed our previous clinical conception that potassium was more slowly absorbed from his intestine than in the 9 other patients. The curve of serum potassium slowly rose from 22.2 to 23.1 mgm. in 1½% hours, and to its peak, 31.1 mgm., in 3 hours and fell to 26.0 mgm. only after 8 hours. The concomitant changes in the electrocardiogram at 1 % hours revealed increased T waves, but at 3 hours these alterations in the T waves were much greater and appeared to be at their peak. Characteristic changes of the T waves, though less than at 3 hours, were present at 8 hours.
The electrocardiographic changes revealed in patient W. L. (Table III) at 1% and 3 hours, though somewhat atypical, are of interest. It was previously pointed out that in this patient the concentration of potassium in the serum increased only 3.1 mgm. at 1½% hours, an increase similar to that found in normal subjects. Therefore we believe we have evidence in this patient that at least some of the potassium salt was rapidly absorbed from the intestine and produced concurrent effects in the blood serum and in the myocardium that are comparable with the response of the normal subject. The abnormally decreased renal excretion of potassium was the only evidence of a disturbed tolerance for this ion. The entire response in this patient could be explained by a decreased absorption of potassium from the intestinal tract. However, the evidence given earlier in this paragraph and the fact that some uremic patients have an abnormally low concentration of potassium in the serum and hence a low concentration in other tissues strongly support the viewpoint that normal absorption occurred and that the extra potassium entered tissues low in potassium content. We have reliable evidence from the electrocardiographic and blood studies of patient M. S. (Fig-5 gm. KHCO3 at 8:26 API ure 3B) that even the ingestion of 5.0 grams of potassium bicarbonate will produce toxic effects on the heart. In 1% hours the content of potassium in the blood serum rose from 26.7 to 37.1 mgm. (Figure 2 ), an increase of 10.4 mgm., and the electrocardiographic tracings revealed early intraventricular block (Table III, Figure 3B ). Previously we (12, 13) , as well as other investiga- . s Y 15 ,000 ml. of fluid, the estimated increase in the concentration of potassium would be 12 mgm. per 100 ml. 4 The observed increase in the patient's serum was 14.6 mgm. per 100 ml., which is in close agreement with the calculated value.
In 7 patients the potassium ingested was presumably distributed, in varying proportions, between the extracellular and the intracellular fluid. However, in a single patient a large proportion apparently entered rapidly into the intracellular fluid. This result would lead one to believe that the stores of potassium in the cells of this patient were depleted, despite the presence of severe renal insufficiency. Our results, therefore, indicate a marked variation in the distribution of potassium between the 2 reservoirs of body fluid.
The small increase in the serum curve of patient W. L. also suggests the possibility that in certain patients who have uremia there may be an actual increase of tolerance for potassium. In this connection several observers have recorded concentrations of serum potassium distinctly below the normal range in patients who have renal disease (12) . We reported a content of 12.8 mgm. per 100 ml.
of serum in 1 such patient (15) 
